A novel repetitively pulsed first-overtone laser produces an average output power of 0.3W and a laser efficiency of 0.5% at operating wavelengths of 2.5-4.0µm.
Figure 1. Slab radio-frequency discharge first-overtone carbon monoxide (CO)-laser setup. (a) General view. (b) Open view.
combined with discharge-chamber walls at room temperature, and a relatively low operational voltage.
The laser's active volume is 3 × 30 × 250mm 3 (the discharge chamber's total internal volume is ∼8l). The electrode system is cooled by liquid nitrogen to ∼120K (using ∼5L/hr). An RF power supply with a carrier frequency of 81 or 60MHz, operating in a repetitively pulsed mode, is used for discharge ignition. The power supply produces up to 1000W of peak-power rectangular pulses of variable duration, τ = (0.01-0.99)×F −1 , where F=(100-500)Hz is the pulse-repetition rate. The discharge chamber is filled with gas mixtures CO:O 2 :N 2 :He of different component concentrations at a total gas pressure of 15-22Torr. Note that gas mixtures with high oxygen content are needed for stable long-term operation. 4, 5 We use a stable laser resonator with very-high-reflectivity mirrors (>99% in the spectral range 2.5-4.2µm). Two sets of mirrors optimized for either 2.5-4.2 or 2.5-3.2µm operation can be used, depending on the requisite output spectrum, which strongly depends on the laser's output-mirror characteristics (see Figure 2) .
The maximum FO CO-laser average output power obtained with the first laser-resonator mirror set was ∼0.32W in the ∼2.55-3.15µm spectral range. The output spectrum included more than 40 vibrational-rotational lines, corresponding to overtone vibrational bands from 8→6 up to 23→21 (see the blue bars in Figure 2 ). The laser efficiency under these conditions was ∼0.5%. Using the second set of mirrors, FO CO lasing was observed at ∼3.05-3.95µm. The output spectrum consisted of more than 60 vibrational-rotational lines, corresponding to overtone vibrational bands from 22→20 up to 36→34 (see the red bars in Figure 2 ). The full spectrum obtained using both sets of resonator mirrors included more than 100 vibrational-rotational lines in the 2.5-4.0µm wavelength range, with a maximum single-line average output power of ∼12mW. Our next objective is to increase the laser efficiency to ∼5-10%, which has been achieved in facilities using other types of electric discharges. 2 
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